Cues associated with drug taking can trigger relapse, drug seeking, and craving in addicted individuals. Behavioral studies suggest that drug availability and withdrawal can affect the individual response to drug cues. Moreover, the importance of subjective craving in cue-induced relapse has been questioned and an alternative model put forward according to which drug cues trigger habitual drug-seeking behaviors independently of craving. We used functional magnetic resonance imaging to compare the brain response to smoking and control videotapes in 20 healthy smokers, while varying their expectancy to smoke and abstinence levels. The neural response to cigarette cues was strongly modulated by expectancy and, to a lesser extent, abstinence. In people expecting to smoke immediately after the scan, smoking cues activated brain areas implicated in arousal, attention, and cognitive control. However, when subjects knew they would not be allowed to smoke for 4 h, there was almost no brain activation in response to smoking cues, despite equivalent reported levels of craving. In the dorsolateral prefrontal cortex, the neural response was a function of both craving and expectancy. Thalamo-cingulate connectivity, thought to be an index of arousal, was greater during expectancy than nonexpectancy. Our findings confirm the importance of expectancy in the neural response to drug cues, and lend support to the theory that these cues act on brain areas involved in arousal and attention.
INTRODUCTION
In drug addicts, exposure to drug-associated cues induces both subjective (ie craving) and behavioral (ie drug seeking) responses, and is thought to play a significant role in the maintenance of the habit, as well as relapse in those attempting to quit (Abrams et al, 1988) . Several functional brain-imaging studies have now investigated the neural response to conditioned drug cues in users of various drugs of abuse, including cocaine (Grant et al, 1996; Garavan et al, 2000) , alcohol (Tapert et al, 2003) , opiates (Sell et al, 2000) , and nicotine (Brody et al, 2002; Due et al, 2002; McClernon et al, 2005) . In these studies, drug cues elicit activation of neural circuitry thought to encode the motivational and emotional value of the drug, and to play a role in the planning and control of behavior. The brain regions that have been most commonly implicated in cue reactivity include the anterior cingulate cortex (ACC), orbitofrontal cortex (OFC), dorsolateral prefrontal cortex (DLPFC), amygdala, and insula (Wilson et al, 2004) . However, two factors that are believed to influence this neural response to drug cues, perceived drug availability and the user's level of abstinence, have seldom been investigated using functional brain imaging. Smokers report a greater urge to smoke when they are anticipating a cigarette (Droungas et al, 1995; Juliano and Brandon, 1998) or during nicotine withdrawal (Shiffman and Jarvik, 1976) , and behavioral studies show that the cognitive and autonomic response to smoking cues can be affected by both abstinence (Gross et al, 1993; Johnsen et al, 1997) and expectancy to smoke (Carter and Tiffany, 2001; Wertz and Sayette, 2001) .
Based on previous research, we predicted that cueassociated anticipation and planning of imminent drug use would involve the prefrontal cortex (Goldstein and Volkow, 2002; Wilson et al, 2004) , in particular the DLPFC, a frontal area important in memory and planning (Petrides, 1994) . In a meta-analysis of several cue-induced drug craving studies, Wilson et al (2004) noted that activation of the DLPFC in response to drug cues was observed essentially only in those studies involving subjects not seeking treatment, in which the subjects' expectation to obtain and use the drug after the imaging session could be assumed. Conversely, in all but one of the studies involving individuals undergoing treatment for drug addiction (ie no anticipated drug use after the study), there was no DLPFC activation by drug cues. We designed the current study to test the hypothesis that expectation to smoke would modulate the neural response to drug cues, especially in the DLPFC.
Although a recent study failed to find an effect of abstinence on cue-associated functional magnetic resonance imaging (fMRI) activation (McClernon et al, 2005) , there is evidence that acute nicotine withdrawal is associated with impairments in brain regions involved in executive function, motivation, and reward (Powell et al, 2002) . In particular, smoking withdrawal seems to be associated with a hypo-dopaminergic state in humans (Smolka et al, 2004) and animals (Fung et al, 1996; Epping-Jordan et al, 1998) , which could lead to abnormal neural activity in areas implicated in cue-reactivity, in particular the DLPFC, ACC, and striatum.
We therefore used fMRI to investigate brain activity in cigarette smokers exposed to smoking and control videos. The effects of expectancy and abstinence on this neural response were examined by varying the subjects' perceived drug availability and level of withdrawal.
MATERIALS AND METHODS

Participants
Twenty healthy regular smokers (10 men and 10 women; mean age ¼ 27 years, SD ¼ 8), all smoking at least 15 cigarettes/day (mean ¼ 22, SD ¼ 6 cigarettes/day), were recruited through McGill University classified ads, or by word of mouth. Subjects gave written consent to the study, which was approved by the Montreal Neurological Institute Research Ethics Board, and were monetarily compensated upon completion of the study. The extent of the smoking habit was quantified using the Fagerstrom test for nicotine dependence (Heatherton et al, 1991) , in which a minimum score of 5 (out of 10) was necessary for inclusion into the study. Exclusion criteria included any history of psychiatric or neurological illness, previous head trauma, or history of drug abuse (other than nicotine). All subjects but two were right handed.
Study Design
Each subject was scanned twice, once in an abstinent state (ABS) and once in a non-abstinent state (NON-ABS). The order of scans was randomized and counter-balanced. The ABS scans required subjects to refrain from smoking for 12 h prior to the scan whereas for the NON-ABS scans subjects were told to smoke as usual. To minimize any effect of variability in circadian or hormonal cycles on cue reactivity, all scans were performed in early afternoon and each subject's two scans were separated by approximately 4 weeks (mean ¼ 30, SD ¼ 5 days). Compliance with an abstinent state was verified using a carbon monoxide (CO) monitor (Vitalograph, Buckingam, UK), which measures the amount of exhaled CO (in parts per million, p.p.m.) as an indicator of the time since the last cigarette. A CO reading of less than 15 p.p.m. indicated that subjects had been compliant with the abstinence requirement. Subjects were randomly assigned into either the expectant group (EXP, n ¼ 10) or the nonexpectant group (NON-EXP, n ¼ 10). EXP subjects were told that they would be allowed to smoke a cigarette immediately after the scan, whereas NON-EXP subjects were told that they would have to abstain from smoking for 4 h after the scan (compliance verified by CO measurement). Subjects in the EXP and NON-EXP groups did not differ significantly in number of years smoking, cigarettes/day, or Fagerstrom test scores. Subjects in the EXP group were on average slightly older than those in the NON-EXP group (EXP: 30, SD ¼ 9; NON-EXP: 24, SD ¼ 5). Data from one female subject (NON-EXP group) were excluded due to abnormal brain MRI; therefore all results presented are based on data from the remaining 19 subjects.
On the day of the experiment, 30 min prior to the scan, subjects either smoked a cigarette (NON-ABS scan) or were tested for compliance with a 12-h abstinence (ABS scan). Then, the Profile of Mood States (POMS) (McNair et al, 1992) was administered and subjects were placed on the MRI scanner bed with their head secured using a vacuum bag to minimize movement. Earplugs and headphones were used to lessen scanner noise.
Stimulus Presentation
Stimulus presentation and response input were coordinated using Media Control Function software (Digivox, Montreal). The behavioral paradigm is represented in Figure 1 . Visual stimuli in video format were projected onto a screen at the subjects' feet, and were viewable by means of a mirror mounted on the MRI head coil. Six 2-min videos, alternating between smoking (S) and control (C) content, were presented in the following order: C-S-S-C-C-S. Control stimuli consisted of people getting their hair cut, whereas smoking stimuli involved people engaged in smoking behavior (ie lighting cigarettes, smoking while socializing, blowing smoke rings, etc). Young men and women were depicted in each video, and all subjects saw the same video clips. Videos were similar in degree of facial exposure, movement, and physical characteristics of the actors. Different but very similar video clips were shown during the ABS and NON-ABS sessions.
A baseline screen (white cross on a gray background) was displayed for 1 min prior to the video sequence, and for 20 s before each video. Subjects responded to a seven item craving questionnaire, taken from a larger battery (Tiffany and Drobes, 1991) , using a computer mouse to slide a Figure 1 Stimulus presentation scheme. Videos alternated between control (C) and smoking (S) content, with the craving questionnaire following each.
Expectancy affects the neural response to drug cues D McBride et al cursor along a visual analog scale ranging from 0 (not at all) to 10 (extremely). The questions pertained to various aspects of craving, including: general craving (I am craving a cigarette right now), positive aspects of craving (eg 'A cigarette would feel good right now'), negative aspects of craving (eg 'I am feeling irritable right now'), intention to smoke (If it were possible, I would smoke a cigarette right now), and boredom during the previous video (I felt bored during the last video clip). The questionnaire was completed seven times: once before viewing the videos (baseline) and once after each of the six videos.
The stimuli and questionnaire were pilot tested in a separate group of 18 smokers and nine nonsmokers (data not shown). In that study, subjective cigarette craving was increased in smokers after 30 s and over the entire smoking video, relative to the control video. Positive mood and boredom scores did not differ significantly between smokers and nonsmokers, or between the control and smoking videos. There was an increase in heart rate in nonabstinent smokers (n ¼ 9) while watching the smoking video, relative to baseline levels, but not in abstinent smokers (n ¼ 9) or nonsmokers.
fMRI Scanning
All imaging scans were carried out using a 1.5 Tesla Siemens Sonata MRI scanner. Each session began with the acquisition of a series of 160 high-resolution (1 mm), T1-weighted sagittal images for anatomical localization of the functional data. Blood oxygen level dependent-(BOLD) functional MRI was employed to measure task-dependent neural activity, using a gradient-echo, echo-planar imaging (EPI) sequence (TR, 4000 ms; pause after measurement, 400 ms; TE, 50 ms; flip angle, 901). Each session included one functional scan of approximately 21 min duration, in which 302 continuous acquisitions were taken. Each acquisition consisted of 36 T2*-weighted, contiguous slices (voxel size, 4 mm Â 4 mm Â 4 mm) parallel to the anterior commissureposterior commissure axis and with full brain coverage.
fMRI Data Analysis
Functional images were blurred with a 6 mm full-width at half-maximum Gaussian filter and corrected for motion and head drift using the fourth frame as reference (the first three were discarded as the BOLD signal had yet to reach steady state). Frames showing excessive movement were identified visually and excluded from the data set before statistical analysis. Functional BOLD data were analyzed using fmristat software (for full description of statistical method, see Worsley et al (2002) ; available at http://www.bic.mni.mcgill.ca/users/keith). Signal drift of first-order linear extent was removed from the functional data. In order to combine multiple data sets, both functional EPI images and anatomical images were mapped into standard stereotaxic space using a crosscorrelation algorithm and the Montreal Neurological Institute template (Collins et al, 1994 ). Subject's individual sessions were first analyzed separately using a fixed effects analysis of the data. All 30 time frames of BOLD data associated with each separate 2-minute control and smoking video segment were averaged, then voxel-wise comparisons between adjacent control and smoking videos (runs) were performed (ie S 1 -C 1 , S 2 -C 2 , S 3 -C 3 ). For each of these pairs of runs and for each subject, an effect magnitude equal to the difference in BOLD between control and smoking video runs, and its SD, were calculated at every voxel by fitting a linear model to the temporal data. This yielded three effect and three SD images per subject per scanning session. These were then combined in two steps, first for each subject, and then across subjects, using a mixed effects linear model to generate t-maps. To determine the overall effect of smoking stimuli on neural activity in cigarette smokers, three t-maps were generated: data were combined for all sessions and subjects (effect of cue for all smokers regardless of condition), across group (effect of cue for EXP and NON-EXP smokers), and across session (effect of cue for ABS and NON-ABS smokers).
T-maps were thresholded for statistical significance using random field theory to correct for multiple comparisons (Worsley et al, 1996; Worsley et al, 2002) . Statistical significance was determined based on the peak and extent of each cluster (Poline et al, 1997) . A specific hypothesis was made for the involvement of the DLPFC in the neural response to smoking cues during a state of expectancy (Wilson et al, 2004) . A DLPFC search region was determined according to the anatomical criteria proposed by Petrides and Pandya (1999) and was composed of the middle frontal gyrus from y ¼ 20 to 60 mm (MNI coordinates), including Brodmann's areas (BA) 46 and 9/46 (Petrides and Pandya, 1999) , for a total volume of 38 000 mm 3 . Activation within this specified region was deemed significant if the peak voxel exceeded t ¼ 3.88, which corresponds to po0.05 corrected for multiple comparisons within the search volume. Several brain imaging studies of drug cue-reactivity have shown activations falling within this search volume (Grant et al, 1996; Garavan et al, 2000; Bonson et al, 2002; Brody et al, 2002; Myrick et al, 2004) .
Peaks meeting the criterion of statistical significance (po0.05 corrected) for a whole gray matter search volume of 600 cm 3 are also reported. In addition, peaks falling within a priori predicted regions are also listed when they reach significance according to the method of Friston (1997) . These regions, which were chosen based on previous cue-induced craving literature, are the ACC, OFC, insula, and limbic system (amygdala, ventral striatum, ventral tegmental area, dorsomedial thalamus). OFC regions are reported but should be interpreted with caution, as there was a significant BOLD signal dropout in this area due to susceptibility artifact.
Regions of interest were drawn for each of the peaks in the smokingFcontrol contrasts. These regions consisted of all contiguous voxels with t43.5 at the peak location. A 2 Â 2 repeated measures ANOVA was performed on BOLD data extracted from regions of interest, with expectancy as the between-subject factor and abstinence as the withinsubject factor.
For every region of interest, correlations between relative change in BOLD signal and craving scores were performed. All six differences in BOLD and craving scores (smokingFcontrol video) were averaged for each subject (three measures per session, two sessions for each subject) and a stepwise regression between the two measures was performed. To determine if this correlation was modulated by expectancy the slopes of the correlation of each group (EXP and NON-EXP) were compared by testing for significance of the interaction product between change in BOLD (dependent variable) and craving Â group (dummy variable). For these correlations we used the score (1-10) to the question: 'I am craving a cigarette right now.' A voxel-based correlation analysis was performed to determine cue-specific functional connectivity for the ACC because previous work has shown that ACC connectivity is modulated by arousal level (Paus, 2000) . The highest peak voxel in the ACC from the subtraction analyses (coordinates: À4, 30, 16, Table 2 ) was chosen as a seed for the extraction of the BOLD signal time course of each scan. An interaction product was created between this time course and the stimulus contrast. In order to determine functional connectivity modulated by smoking cues, a brain-wide search for voxels where BOLD signal covaried significantly with this interaction was performed, using the stimulus contrasts as confounds. The general linear model equation we used was:
where x i is the BOLD time course at voxel i, x A the time course at the ACC peak, S and C the smoking and control video designs (convolved with the hemodynamic response function), D is a general confound term which includes signal drift, the b are the parameter estimates and the e the error. By using the contrast [1À10] we tested for functional connectivity with the seed voxel that was greater during the smoking than the control video. The third term of the equation removes the effects of the task itself and the signal drift. By including the seed voxel activity in this third term we prevent the occurrence of very large correlations at the location of the seed voxel. Effect and SD maps were created for each subject, and then combined across group and session to assess the effect of expectancy and abstinence on functional connectivity. Only regions identified as taking part in the task in the previous smoking minus control analyses were examined.
RESULTS
Subjective Self-Reports
No subject had an expired CO level 415 p.p.m. prior to the abstinent session (mean: 6.33, SD: 3.16). The CO levels on arrival to the lab for the nonabstinent session were significantly higher (mean: 10.39, SD: 5.69, p ¼ 0.002). Abstinence from smoking significantly decreased selfreported baseline measures of mood and alertness on the POMS. Relative to their nonabstinent session, abstinent subjects reported increased anxiety, depression, fatigue, hostility, insecurity, and confusion (all po0.01). Before exposure to the videos, subjects craved cigarettes more when abstinent than nonabstinent (ABS: mean ¼ 5.1, SE ¼ 0.3; NON-ABS: mean ¼ 4.0, SE ¼ 0.3; p ¼ 0.02); however, there was no significant effect of expectancy on prevideo craving (EXP: mean ¼ 4.3, SE ¼ 0.3; NON-EXP: mean ¼ 4.8, SE ¼ 0.4; p ¼ 0.36). A mixed ANOVA (cue Â abstinence Â expectancy) was performed on the craving self-reports following each video clip for each questionnaire item separately. When compared to the control videos, smoking videos were successful in significantly increasing subjective reports of craving (main effect of cue; control: mean ¼ 5.2, SE ¼ 0.3; smoking: mean ¼ 6.5, SE ¼ 0.3; F(1,58) ¼ 94.5, po0.001), a finding that was evident for each expectancy group and abstinence session (Figure 2) . Similar results were seen for all indices of craving, including those addressing positive and negative features, and intention to smoke. Boredom was higher during the control videos than during the smoking videos (control: mean ¼ 5.3, SE ¼ 0.4; smoking: mean ¼ 3.7, SE ¼ 0.3; F(1,58) ¼ 35.5, po0.001). While there was an equal increase in craving when comparing smoking to control videos during all sessions, subjects gave overall significantly higher reports of craving when abstinent from cigarettes (main effect of abstinence: ABS: mean ¼ 6.6, SE ¼ 0.2; NON-ABS: mean ¼ 5.2, SE ¼ 0.2; F(1,58) ¼ 34.0, po0.001). A similar trend existed for other indices, with 
between abstinence states. There was also a significant main effect of expectancy on reports of craving and boredom during the scan, with nonexpectant subjects reporting higher levels of these two indices than those subjects expecting to smoke after their scan (craving: EXP: mean ¼ 5.5, SE ¼ 0.3; NON-EXP: mean ¼ 6.3, SE ¼ 0.3; F(1,58) ¼ 3.8, p ¼ 0.05; boredom: EXP: mean ¼ 4.1, SE ¼ 0.3; NON-EXP: mean ¼ 4.9, SE ¼ 0.3; F(1,58) ¼ 3.9, p ¼ 0.05). However, there was no significant interaction between cue and either expectancy or abstinence such that the increase in craving in response to smoking cues did not differ between groups or conditions (Figure 2 ).
BOLD Response to Smoking Stimuli
All subjects. Expectancy affects the neural response to drug cues D McBride et al insula, and a large cluster composed of areas of the postcentral sulcus, intraparietal sulcus, superior parietal lobule, superior and middle occipital gyri, fusiform gyrus, and inferior temporal gyrus. These activations were statistically significant for both expectancy groups and both abstinence sessions.
Expectant vs nonexpectant. Regions activated by smoking stimuli differed between expectancy groups, as demonstrated in Table 2 and Figure 2a . In response to smoking videos (compared to control videos), subjects in the expectant state (abstinent and nonabstinent sessions combined) showed activation of bilateral ACC, DMPFC, and DLPFC (Figure 3a) , left medial OFC, left PCC, right posterior parietal cortex, bilateral cuneus, and left precuneus. Subjects in the NON-EXP showed activation only in the right superior temporal gyrus in response to smoking stimuli. When smoking cue-associated activation from regions of interest was contrasted using a 2 Â 2 ANOVA, the EXP group exhibited significantly higher activation of the ACC (F(1,107)
, and left precuneus (F ¼ 6.5, p ¼ 0.01). Nonexpectant smokers showed significantly greater smoking cue-induced activation than expectant smokers in the right superior temporal gyrus (F ¼ 4.6, p ¼ 0.03). Figure 4 shows the change in BOLD signal in the ACC and left DLPFC in response to smoking and control videos for each group. There was a significant group by session interaction only in the left precuneus (F ¼ 4.8, p ¼ 0.03), with smoking cue-induced activation in this region significantly greater during EXP and NON-ABS than other conditions. A stepwise linear regression analysis revealed a correlation between smoking cue-induced craving scores and BOLD response in the left DLPFC that was differentially modulated by state of expectancy (F(3,17) ¼ 20.0, po0.001; Figure 3b ). No other significant correlations were seen in any of the areas listed in Tables 1-3. During the smoking compared to control videos, there was an increase in the correlation between BOLD signal in the left ACC (peak voxel: x ¼ À4, y ¼ 30, z ¼ 16) and BOLD signal in the right dorsomedial thalamus (x ¼ 8, y ¼ À12, z ¼ 4) for the EXP group (t ¼ 4.31, po0.05), but not for the NON-EXP group (t ¼ 2.18, NS). This effect was statistically different between groups (t ¼ 2.98, p ¼ 0.001), demonstrat- A priori region of interest (Friston, 1997) . 
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ing that smoking cue-dependent functional connectivity between these two regions during the viewing of the smoking videos was greater for the EXP.
Abstinent vs nonabstinent. The brain response to smoking stimuli (relative to control stimuli) was greater during a non-abstinent state relative to an abstinent state (Table 3 and Figure 2a ). Whereas, abstinent smokers (both groups combined) displayed no significant brain response when exposed to smoking cues, smokers in a non-abstinent state showed activation of the left ACC, right PCC, left precuneus, right middle temporal gyrus, and right ventral pallidum extending caudally into the mid-brain tegmentum. However, no brain region showed a significantly different cueinduced BOLD signal change when abstinence states were contrasted.
DISCUSSION
The main finding in this experiment is that the brain response to drug cues is modulated by expectancy to smoke and, to a lesser extent, level of abstinence. Cigarette smokers responded to smoking stimuli with reports of increased craving, as well as activation of the ACC, PCC, DMPFC, DLPFC, medial OFC, anterior insula, superior temporal gyrus, visuospatial areas, ventral pallidum, and dorsomedial thalamus. While most of these structures have been implicated previously in nicotine cue-reactivity studies (Brody et al, 2002; Due et al, 2002; McClernon et al, 2005) , we report here that the neural response to conditioned cues is strongly dependent on perceived drug availability. Indeed, cue-induced activation of the prefrontal, associative and paralimbic regions was observed only in subjects expecting to smoke after the scan. Consistent with previous imaging studies implicating the PFC in addiction (Goldstein and Volkow, 2002 ) is the discovery here of an expectancy-dependent PFC response to drug cues, notably in the ACC, DLPFC, and DMPFC. The DLPFC was activated by smoking cues only in the EXP group, and there was a statistically significant difference in activation between the expectant and nonexpectant subjects. This result confirms a prediction (Wilson et al, 2004) based on the fact that activation of the DLPFC in response to drug cues has been reported essentially only in studies involving subjects not seeking treatment, and who likely expected to use the drug soon after the scanning session.
Because of its involvement in memory (Petrides, 1994) , DLPFC activation by drug cues has been proposed to reflect a triggering of memories of drug taking, which could underpin the craving response (Grant et al, 1996) . Our results lead to a different interpretation, since we found that equal changes in craving occurred in the presence and absence of DLPFC activation, and that cue-induced activity in the DLPFC correlated positively with craving only in EXP subjects (Figure 3b ). Based on our findings, a more likely interpretation of DLPFC involvement in cue reactivity is that it integrates information about internal state (craving, withdrawal), motivation, expectancy, and cues, and uses this information in the regulation and planning of drugseeking or drug-avoiding behavior. DLPFC neuronal activity is known to be modulated by sensory information, motivational state and task contingencies (Miller, 2000) , and the DLPFC plays a crucial role in high-level planning of behavior (Passingham, 1993) . It is possible that the DLPFC mediates top-down processing of external stimuli (ie drug cues) depending on whether the reward they are associated with (ie the drug) is seen as obtainable. However, one must bear in mind that our methodology is only sensitive to relatively acute changes in signal. Sustained DLPFC activity that might accompany more enduring craving responses, due for example to the abstinent state, or to drug-taking ruminations or memories induced by the video clips, would not be detectable by our block design fMRI paradigm.
The medial frontal lobe (ACC and DMPFC) showed the most widespread response to smoking stimuli, but once again, activation was dependent on the expectancy state. Moreover, the ACC or DMPFC signal change did not correlate with self-reports of craving, consistent with previous experiments involving smokers (Brody et al, 2002) as well as cocaine (Wexler et al, 2001 ) and opiate addicts (Daglish et al, 2001) . Furthermore, the NON-EXP group had the same cue-related increases in craving as the EXP group and higher average craving reports during the scanning session despite failing to demonstrate any frontal activation to the cues (Table 2) . We note, however, that other cue-reactivity imaging studies have uncovered a correlation between craving and ACC activation (Maas et al, 1998; Myrick et al, 2004; Brody et al, 2004; McClernon et al, 2005) .
What could account for the effect of expectancy on ACC activation? Several theories of ACC function have been proposed, most commonly invoking a role in attention and arousal. Paus et al (1998) argue that supracallosal ACC activation across a wide range of cognitive and emotional tasks is due to engagement of nonspecific arousal systems Expectancy affects the neural response to drug cues D McBride et al that project from the brainstem via the thalamus to the ACC. Our finding of an increase in functional connectivity between the ACC and dorsomedial thalamus when comparing the smoking to the control videos, at coordinates identical to those identified in previous studies of arousal (Hofle et al, 1997; Paus, 2000) , suggests that smoking cues act on thalamo-cortical arousal systems. Moreover, this cuerelated increase in thalamo-cingulate connectivity was only present in the EXP, suggesting that the effect of cues on arousal was greater in the expectant state, a finding consistent with behavioral studies (Carter and Tiffany, 2001) . Indeed, our subjects reported less boredom during exposure to smoking cues (relative to control cues), and during the expectant state. We therefore suggest that perceived availability increases the arousing effects of drug cues, a process likely involving the ACC. We also observed cue-related activation, greater in the EXP than the NON-EXP, in posterior visual areas including precuneus (BA 7) and posterior parietal areas (BA 7, 40) , which likely indicates top-down modulation of visual areas by frontal attentional systems (Desimone and Duncan, 1995) . Indeed, the ACC region activated in our study is also implicated in shifting visual attention (Gitelman et al, 1999) . Thus, the ACC and DLPFC may act to make smoking cues more salient, an important factor in promoting drug use (Robinson and Berridge, 1993) . Our study suggests that this attentional bias toward smoking cues is greater in the expectant state, which is consistent with previous behavioral studies (Wertz and Sayette, 2001) .
The ACC activation extended anterior into the DMPFC (BA 9, 10), but once again only in the EXP group. The DMPFC has been associated with states when 'attention is directed specifically toward self-referential or introspectively oriented mental activity' (Gusnard et al, 2001) . While focused attention usually leads to reductions in activity in DMPFC, instructions designed to direct the subject's attention toward their current emotional state have the opposite effect. Gusnard et al (2001) asked subjects to view a set of pictures and to pay attention either to how the pictures made them feel or to whether they were taken indoors. They found greater BOLD signal during the monitoring of emotions in the same DMPFC area identified in our study. In both their experiment and ours, subjects viewed the same stimuli while in two mental states that differed only due to the instructions given to the subjects (expectation to smoke in our case), and in both cases this contingency was associated with differential response in DMPFC.
Abstinence from smoking was associated with a relatively blunted neural response to smoking cues (Table 3) . Nicotine withdrawal is known to result in a hypoactive dopamine system (Fung et al, 1996; Epping-Jordan et al, 1998) , which could explain why we found the ventral pallidum, an important meso-limbic dopamine projection site (Klitenick et al, 1992) , to be activated by smoking stimuli only in the NON-ABS session. Higher plasma levels of nicotine during the nonabstinent scans could also explain the greater neural response to smoking cues in this state, since nicotine has a facilitatory effect on the dopaminergic response to salient stimuli (Rice and Cragg, 2004; Zhang and Sulzer, 2004) . However, as no brain region showed a statistically significant difference in activity in response to drug cues when abstinence states were contrasted, further investigation will be necessary to determine how withdrawal interacts with conditioned cues. A recent fMRI study failed to detect a statistically significant effect of abstinence level on cue-induced fMRI activation (McClernon et al, 2005) .
We also observed consistent bilateral increases in signal in a set of brain regions in response to the control videos (compared to smoking) throughout all sessions, regardless of expectancy or abstinence state, consisting of extrastriate visual, posterior parietal, and lateral premotor areas (Table 1) . This may be a consequence of observing tool manipulations during the neutral (haircut) videos (Buccino et al, 2001) , although it could also represent suppression of neural activity during the smoking videos, as previously demonstrated for posterior parietal areas in subjects viewing emotional material (Lane et al, 1997; Gusnard et al, 2001) .
Our results can be contrasted with two recent nicotine cue-reactivity imaging studies. In one, smokers undergoing smoking cessation treatment with the drug bupropion were compared to regular smokers not attempting to quit in a positron emission tomography study employing both visual cues and actual cigarettes (Brody et al, 2004) . The untreated smokers had a significantly greater increase in glucose metabolism in the ACC than the bupropion group, when comparing smoking to neutral cues. Since the bupropion subjects were attempting to quit (and had either managed to quit or significantly reduced their intake since starting the medication), they may be compared to our NON-EXP group, while the untreated smokers were identical to our EXP group. If one accepts this, the findings of this study are identical to ours, and the reduction in ACC activation (at coordinates very close to ours) in the treated group can be attributed to a lack of expectancy (and possibly desire) to smoke.
In another study, a procedure resembling ours was used. Two groups underwent fMRI scanning while being exposed to cigarette and neutral cues (Wilson et al, 2005) . The groups differed only in expectation to smoke after the scan, and subjects were randomly assigned to each group. Only one prefrontal area showed activation solely in the EXP group: the medial OFC (coordinates very close to ours). Surprisingly, the DLPFC failed to be activated in either group, while the ACC was equally activated in both groups. There were significant differences in study design however: the cue was an actual cigarette, the expectant subjects were expecting to smoke immediately (40 s) after the cigarette cue exposure, and the total duration of exposure to the cues was shorter (74 s compared to 360 s in our study).
A key finding in our experiment is the context-dependent dissociation between the subjective reaction to smoking stimuli and the concurrent fMRI response (Figure 2) . Smokers reported equal increases in craving during exposure to the smoking videos (compared to the control videos) in all four experimental states. However, a cueassociated increase in BOLD signal in areas previously implicated in craving was only seen in the expectant state. This incongruity likely reveals a fundamental difference between the measured neural and self-reported subjective responses to drug cues. According to cognitive theories of cue-reactivity (Tiffany, 1990) , subjective craving reports represent active, nonautomatic interpretations of an inter-nal state, whereas the autonomic and neural responses to the drug cues are generated by more automatic processing that drives drug seeking. Indeed, our data failed to show a simple relationship between the neural activity that results from exposure to conditioned cues and the craving that they provoke.
These results are subject to caution however. There is no consensus on how to define or measure drug craving (Drummond, 2001) . Self-report measures of craving are particularly prone to errors due to influence of the experimental context (ie subjects 'know' that the cues are supposed to make them crave), self-deception, variable interpretation of scales or questions, and differences in response style (Sayette et al, 2000) , and may therefore not measure 'true craving'. Moreover, the temporal dynamics of craving are complex. It is likely that in our study, craving lasted longer than the duration of cue exposure, and that it was also affected by factors other than the drug cues, such as nicotine withdrawal, habituation to the cues, and the stress of the procedure.
Nonetheless, the neural response to drug cues was seen in brain areas involved in arousal, attention, motivation, and executive control, which is consistent with the theory that exposure to these cues leads to drug seeking or relapse independently of craving (Tiffany, 1990) .
In conclusion, this study demonstrated that the neural response to conditioned drug cues is dependent on the user's level of expectancy. The interaction of cues and anticipation to consume determines neural activity in brain regions that are known to play a role in the seeking and consumption of the drug.
